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Abstract:
The estimation of the nutritional and water content of vegetation is one of the fundamental

~ tasks in agronomic crop management. This task is strongly conditioned by traditional field
sampling and laboratory analysis methodologies, which are costly and cover very little crop
area.

Multispectral and hyperspectral satellite and drone time series data acquisitions can help to
obtain information throughout the phenological cycle, over large crop areas and at a relatively
low economic cost.

At present, the few studies that exist focus their efforts on obtaining direct correlations of
nutritional and water content with the various vegetation indices. This methodology neglects
relevant aspects such as: 1) satellite spatial resolutions, which show a spectral mixture of
elements that are not crops and therefore influence the final result and 2) the time of study,
since all nutritional elements are dynamic, and therefore high correlation coefficients can be
obtained in certain phenological stages and low coefficients in others.

For all these reasons, a series of trials will be designed experimentally on citrus crops, in
which field measurements will be taken throughout the phenological cycle in order to develop
non-linear regression models and artificial neural networks. These models will be fed with the
information obtained by: Multispectral drone, multispectral satellite, synthetic aperture radar
(SAR) satellite and hyperspectral satellite.

In order to carry out the exploratory data analysis, it will be necessary to apply data fusion
and downscaling techniques to adapt the data before starting the processing and application
of the models. It will also be necessary to use segmentation and spectral unmixing
techniques to clean and obtain information only on the crop.

Once the data has been cleaned and the machine learning models have been applied, the
aim is to obtain geospatial data on nutritional and water content, which will help in the
definition of fertilisation and irrigation strategies for the citrus crop.
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Available Means:
This project is planned as a series of field trials in which measurements will be taken using

various technologies. In addition, foliar samples will be collected from the field for laboratory
analysis.

Satellite

Multispectral satellite: Sentinel 2, Landsat 8, Landsat 9
Synthetic Aperture Radar Satellite (SAR): Sentinel 1
Hyperspectral satellite: EnMAP

Thermal satellite: Sentinel 3. SLSTR

Drone

Drone Dji Matrice 300RTK, positioning antenna D-RTK2

Micasense Altum camera: Multispectral sensor: Bands: red, green, blue, red edge, near
infrared, thermal. ”

Field devices
SPAD, a compact meter that provides an indication of the amount of chlorophyll present in
the plant leaf.

Proximal soil sensors. FDR capacitive, multi-parametric soil sensors. Volumetric water
content, temperature and electrical conductivity measurements.

Atmospheric temperature and humidity sensors. Multiparametric ambient sensors. Relative
humidity, temperature and atmospheric pressure measurements.

" Laboratory devices
Materials and reagents needed for biochemical analysis of leaf samples. Spectroradiometer,
a non-destructive hyperspectral meter, to obtain the spectral signature of the vegetation.
Ideally, measurements should be obtajned in the solar range.

This project, within the framework of an industrial doctorate, will be carried out in

collaboration with the following partners: '

1. IIAMA, Land and Atmosphere Remote Sensing (LARS) research group, represented by
co-author Luis Guanter. _

2. 1AM, The citrus and fruit growing research group, represented by the co-tutor Carlos
Mesejo.

3. The Agritech company VisualNacert SL, represented by the doctoral student Ferran
Fernandez.

PROGRAMA DE DOCTORADO EN INGENIERIA GEOMATICA. Universitat Politécnica de Valéncia
www.upv.es/entidades/EDOCTORADO/Info/Q14042norma|c.html. Correo-e: doctor.geomatica@upv.es

Escaneado con CamScanner



N\ UNIVERSITAT

. DEPARTAMENTO DE INGENIERIA
POLITECNIC’A CARTOGRAFICA. GEODESIA Y
DE VALENCIA FOTOGRAMETRIA

This PhD thesis is funded by the State plan for Scientific, technical and innovation research
2021-2023. Grants for industrial PhD. (Plan estatal de Investigacién Cientifica y Técnica y de
Innovacién 2021-2023. Ayudas para doctorados industriales).

References:

Berger, K., Verrelst, ., Féret, J., Hank, T., Wocher, M., Mauser, W. & Camps-Valls, G. (2020). Retrieval
of aboveground crop nitrogen content with a hybrid machine learning method. Internatlonal
Journal of Applied Earth Observation and Geoinformation, 92, 1569-8432.
https://doi.org/10.1016/j.jag.2020.102174

Galvez-Sola, L., Garcia-Sanchez, F., Pérez-Pérez, J. G., Gimeno, V., Navarro, J. M., Moral, R, .. &

Nieves, M. (2015). Rapid estimation of nutritional elements on citrus leaves by near infrared
reflectance spectroscopy. Frontiers in plant science, 6, 571.

Idso, S. B., Jackson, R. D., Pinter Jr, P. )., Reginato, R. J., & Hatfield, J. L. (1981). Normalizing the stress-
degree-day parameter for environmental variability. Agricultural meteorology, 24, 45-55.

Menesatti, P., Pallottino, F., Antonucci, F., Roccuzzo, G., Intrigliolo, F., & Costa, C. (2012). Non-
- destructive proximal sensing for early detection of citrus nutrient and water stress. In Advances
in Citrus Nutrition (pp. 113-123). Springer, Dordrecht.

Menesatti, P., Antonucci, F., Pallottino, F., Roccuzzo, G., Allegra, M., Stagno, F., & Intrigliolo, F. (2010).
Estimation of plant nutritional status by Vis—=NIR spectrophotometric analysis on orange leaves
[Citrus sinensis (L) Osbeck cv Tarocco). biosystems engineering, 105(4), 448-454.

Misbah, K., Laamrani, A., Khechba, K., Dhiba, D., & Chehbouni, A. (2021). Multi-sensors remote
sensing applications for assessing, monitoring, and mapping NPK content in soil and crops in
African agricultural land. Remote Sensing, 14(1), 81.

PROGRAMA DE DOCTORADO EN INGENIERIA GEOMATICA. Universitat Politécnica de Valéncia
www.upv.es/entidades/EDOCTORADO/info/914042normalc.html. Correo-e: doctor.geomatica@upv.es

Escaneado con CamScanner


 el 


